ABSTRACT KUNZ, CH.
Certain bacteria and molds as well as some species of nonculture yeasts may limit the fermenting efficiency and keeping properties of baker's yeast.
From the point of view of taxonomy (Lodder and van Rij, 1952 ) these so-called "wild yeasts" either belong to the ascospore-forming family of Endomycetaceae or to the Cryptococcaceae, which includes the asporogenous types (Table 1) .
Among these species the most well known are: Endomyces lactis, which forms a thin white layer on the surface of the yeast block; Rhodotorula glutinis, whose colonies may give rise to faint rose coloured stains on the yeast block, and some species of Pichia and Candida, which, if present in considerable quantities, lower the fermentative performance in dough. White (1954) (Kunz and Klaushofer, 1959) . However, no simple and reliable method has yet been found. A direct microscopic control for differentiating wild yeasts from culture yeast would be both rapid and simple. Unfortunately, this method is only possible if the wild yeast differs greatly from normal baker's yeast in shape and size and is present in larger quantities. Owing to polymorphism and variability usually found in yeasts, this will seldom be the case; an exception being Endomyces lactis, which forms characteristic cylindrical athrospores. Better results are obtained when samples are cultured on solid media. Several of the wild yeasts can thus be distinguished from baker's yeast by difference in the shapes of their colonies. However, this characteristic takes 2 to 3 days to develop and is not reliable in all cases. Therefore, attempts have been made to find a medium which suppresses Saccharomyces cerevisiae and allows growth of wild yeasts only. Buresova and Rach (1958) , for example, have developed a medium which contains the anhydride of succinic acid, betaine hydrochloride, monopotassium phosphate, and magnesium sulfate. This medium permits growth of Pichia, Hansenula, and some Cryptococcaceae, but not S. cerevisiae.
As shown in a previous paper (Kunz and Klaushofer, 1959), we could identify several wild yeasts in the pitch- (Coons et al., 1942; Coons and Kaplan, 1950) . This method, which has been first successfully applied in medical mycology by Kunz (1958) , offers the advantage that results are available within 1 hr. The present paper deals with the use of specific, fluorescent antiglobulins for the rapid detection of wild yeasts in cultures of S. cerevisiae.
MATERIALS AND METHODS Production of antiserum. Saline suspensions (3:100, v/v) of 48-hr S. cerevisiae cultures (Rasse Delft I) on Sabouraud agar were injected intravenously into a rabbit which did not possess natural antibodies against any of the wild yeasts. The immunization schedule was as follows: 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 ml given on every fifth day. The rabbit was bled 7 days after the last injection and the agglutinin titerforthe homologous organism determined (1:640).
Preparation of labeled globulins. The globulin fraction of the serum was obtained by fractionation with 40% saturated ammonium sulfate and labeled with fluorescein isothiocyanate, according to the method described by Marshall, Eveland, and Smith (1958) . To remove the unreacted fluorescein compound, dialysis of the conjugate against daily changes of phosphatebuffered saline (pH 7.2) was carried out for 7 days. It was not necessary to adsorb the conjugate with acetonedried tissue powder, to avoid nonspecific staining.
Staining. Thin smears from saline suspensions of S. cerevisiae mixed with various concentrations of wild yeasts were prepared on glass slides. They were airdried, fixed with heat, and stained with the labeled globulins in a moist chamber at room temperature for 30 min. The excess of the conjugate was rinsed with buffered saline. The smears were gently washed in buffered saline for 10 min. They were then mounted in buffered glycerol (9 parts glycerol and 1 part saline, buffered at pH 7.0 with phosphate buffer).
Fluorescence microscopy. A Zetopan microscope' equipped with the combined phase contrast fluorescence equipment as described by Kunz, Gabler, and Herzog (1961) , was used for our study.
This equipment consists of an ultraviolet-phase contrast condensor, which permits work with positive or negative phase contrast (anoptral contrast) and the twin lamp unit "Binolux."' The latter contains the 200-w, high pressure mercury vapor lamp "HBO 200" as the source of ultraviolet light and an ordinary 30-w lamp as the source of visible light. The lamps can be used either alone or simultaneously, so that examina-IC. Reichert A. G., Wien, Austria. PURITY CONTROL OF PRODUCTION OF BAKER'S YEAST tion of the field under visible and ultraviolet light can be made at the same time.
A red filter in the visible light region acted as a counterstain for the nonfluorescent wild yeasts, when anoptral contrast was employed. Filtration of ultraviolet light was performed with the combination of Schott-glass2 GG 9 (1 mm thick) and BG 12 (2 mm thick) as exciter filter and Schott-glass GG 13 (4 mm thick) combined with Wratten3 folic no. 2 B as a protective filter for the eyes.
Photographs were taken on Anscochrome4 artificial light film; the time of exposure varying from 1 to 2 min.
RESULTS AND DISCUSSION Antigen relationships presented difficulties when fluorescein-labeled antibodies were used in differentiating between cultures of wild and brewer's yeast (Kunz and Klaushofer, 1959) . As Table 2 shows, these cross reactions were of little importance in the case of baker's yeast. Only Candida pelliculosa out of nine wild yeasts reacted with the antiserum directed against S. cerevisiae Rasse Delft I. This cross reaction could easily be eliminated by absorbing the conjugate with C. pelliculosa yeast cells, which did not reduce the staining quality of the labeled antiserum.
Apart from the strains of baker's yeast tested, the following S. cerevisiae cultures were stained by the labeled antiserum: S. cerevisiae var. ellipsoideus, S. cerevisiae Rasse XII, and S. cerevisiae Rasse M; the two latter are used in alcohol production by fermentation. In addition, S. cerevisiae Rasse Johannisberg, which as well as Rasse XII and M, is to be classed with S. cerevisiae var. ellipsoideus, was stained. Two nonreacting strains found were a strain of top fermenting brewer's yeast and S. cerevisiae Rasse Batatae. In contrast to our previous investigations concerning the identification of wild yeasts in culture yeast from breweries, we have been able to produce in the course of this investigation a specific immune serum which stained only cells of S. cerevisiae. Thus the fluorescent antibody technique can be used for discovering wild yeasts contaminating baker's yeast (Austrian strains) without limitations.
There was only one difficulty which, in the beginning of our experiments, seemed to limit the use of this method. In observing contaminated baker's yeast stained with fluorescent anti-S. cerevisiae globulins, the cells of the wild yeast are hardly visible in the ultraviolet light. The reason is that wild yeasts show only a faint autofluorescence. Therefore, they can be overlooked particularly if present in small quantities.
When both light sources are used and positive phase contrast is employed, the specific stained cells of baker's yeast are surrounded by a green margin, whereas cells of wild yeasts are black (Fig. 1) . Best results are obtained if anoptral contrast is combined with a red filter in the visible light region. In this case, cells of wild yeasts appear in bright red counterstain.
